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AMENDMENTS TO THE CLAIMS 



i ( (Original) A method for storing data in a data 
ll^r' T storage system that includes primary and secondary 

storage subsystems, including respective first and second 
volatile cache memories and respective first and second 
non- volatile storage media, the method comprising: 

receiving the data at the primary storage subsystem 
from a host processor; 

writing the data to the first volatile cache memory 
in the primary storage subsystem; 



copying the data from the primary storage subsystem 

to the secondary storage subsystem; 

writing the copied data to the second volatile cache 



^.•^tS.iy'';! r. ."*"■»: 

•v / v>*. " . 

. • -* ■'S *.*». • ■ ■■ 
- 'if- • 

second non-volatile storage media; 

* . ■.•"«> - .- 

I »?.-.. v—. ... ... • 

pei'vc •-' ■ 



n- the sites, 



3. (Original) The method according to claim 1, wherein 
the second volatile cache memory and the second non- 
volatile storage media are located in mutually-remote 
§li^):V:: sites, and wherein transferring the data comprises 
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J^PACE 2^0 * RCVD AT 2^3/2006 9:45:05 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-6M2 * DNIS:2738300 * CSID: 9149454042 • DURATION (mm-ss):1 2-18 



>vT. r -V.. ■- 

W$&r memory in the secondary storage subsystem; 

^ggyi': returning an acknowledgment from the secondary ^ 

storage subsystem to the primary storage subsystem 
||§£: !\ responsively to writing the copied data to the second 

volatile cache memory and prior to saving the data in the 



> 




signaling the host processor that the data have been 
stored in the data storage system responsively to the 
acknowledgment from the secondary storage subsystem; and 
W%i : i transferring the data in the primary and secondary 

storage subsystems from the first and second volatile ^ 
cache memories to the first and second non-volatile ^ 
storage media, respectively. 

2. (Original) The method according to claim 1, wherein 
copying the data comprises transmitting the data between 
mutually- remote sites over a communication link between 
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transmitting the data front the second volatile cache 
memory to the second non-volatile storage media over a 
communication link between the sites. 

4. (Original) The method according to claim 1/ wherein 
copying the data comprises creating a mirror on the 
secondary storage subsystem of the data received by the 
primary storage subsystem. 

5. (Original) The method according to claim 4, and 
comprising, upon . occurrence of a failure in the primary 
storage subsystem, configuring the secondary storage 
subsystem to serve as the primary storage subsystem so as 
to receive further data from the host processor to be 
stored by the data storage system. 

6. (Original) The method according to claim 4, wherein 
the second volatile cache memory is located in a site 
remote from the primary storage subsystem and is operated 
by a service provider other than an owner of the primary 
storage subsystem, and wherein transferring the data from 
the second volatile cache memory to the second non- 
volatile storage media comprises processing the data on a 
f ee-per-service basis. 

1. (Original) The method according to claim 1, wherein 
transferring the data comprises sending a message from 
the secondary storage subsystem to the primary storage 
subsystem indicating addresses of the data that have been 
transferred to the second non-volatile storage media, and 
wherein the method further comprises creating a record on 
the primary storage subsystem of the addresses of the 
data copied to the secondary storage subsystem, 
updating the record in response to the message. 



and 



8. (Original) The method according to claim 1, and 
further comprising, upon recovery of the system from a 
failure of the secondary storage subsystem, conveying, 
responsively to the record, a portion of the daU from 

10/673,744 3 
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on the 



the primary storage subsystem to be stored 
secondary storage subsystem. 

9. (Original) The method according to claim 8, wherein 
updating the record comprises removing from the record 
the addresses of the data that have been transferred to 
the second non-volatile storage media. 

10. (Original) The method according to claim 1, wherein 
creating the record comprises marking respective bits in 
a bitmap corresponding to addresses of the data copied to 
the secondary storage subsystem, and wherein updating the 
record comprises clearing the respective bits. 

11. (Original ) The method according to claim 7, wherein 

transferring the data comprises transferring the data in 
a range of the addresses from the second volatile cache 
memory to the second non-volatile storage media , and 
wherein sending the message comprises informing the 
primary storage subsystem that the data in the range have 
been transferred, so that the primary storage subsystem 
updates the record with respect to the range. 

12. (Original) The method according to claim 11, wherein 
transferring the data in the range comprises destaging 
the range of the addresses. 

13. (Original) The method according to claim 11, wherein 
creating the record comprises maintaining a mirror of the 
record on the secondary storage subsystem, and wherein 
transferring the data in the range comprises selecting 
the data to be transferred from the second volatile cache 
memory to the second non-volatile storage media 
responsively to the mirror. 

14. (Original) The method according to claim 1, wherein 
transferring the data comprises sending a message from 
the primary storage subsystem to the secondary storage 
subsystem indicating addresses of the data that have been 
transferred to the first non-volatile storage media, and 

10/673,744 4 
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wherein the method further comprises creating a record on 
the secondary storage subsystem of the addresses of the 
data copied to the secondary storage subsystem, and 
updating the record in response to the message. 

15. (Original) The method according to claim 14 , and 
further comprising, upon recovery of the system from a 
failure of the primary storage subsystem, conveying, 
responsively to the record, a portion of the data from 
the secondary storage subsystem to be stored on the 
primary storage subsystem. 

16. (Original) The method according to claim 15, wherein 
updating the record comprises removing from the record 
the addresses of the data that have been transferred to 
the primary non-volatile storage media. 

17. (Original) The method according to claim 14, wherein 
creating the record comprises marking respective bits in 
a bitmap corresponding to addresses of the data copied to 
the secondary storage subsystem, and wherein updating the 
record comprises clearing the respective bits. 

18. (Original) The method according to claim 14, wherein 
transferring the data comprises transferring the data in 
a range of the addresses from the first volatile cache 
memory to the first non-volatile storage media, and 
wherein sending the message comprises informing the 
secondary storage subsystem that the data in the range 
have been transferred, so that the secondary storage 
subsystem updates the record with respect to the range. 

19. (Original) The method according to claim 18, wherein 
transferring the data in the range comprises destaging 
the range of the addresses. 

20. (Original) The method according to claim 18, wherein 
creating the record comprises maintaining a mirror of the 
record on the primary storage subsystem, and wherein 
transferring the data in the range comprises selecting 
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the data to be transferred from the first volatile cache 
memory to the first non-volatile storage media 
responsively to the mirror. 

21. (Currently amended) A data storage system, 
comprising : 

a primary storage subsystem, which comprises a first 
volatile cache memory and first non-volatile storage 
media; and 

a secondary storage subsystem, which comprises a 
second volatile cache memory and second non-volatile 
storage media, 

wherein the primary storage subsystem is arranged to 
receive data from a host processor, to write the data to 
the first volatile cache memory, to copy the data to the 
secondary storage subsystem, and to transfer the data 
from the first volatile cache memory to the first non- 
volatile storage media, and 

wherein the secondary storage subsystem is arranged 
to receive and write the copied data to the second 
volatile cache memory, to transfer the data from the 
f irot second volatile cache memory to the - first second 
non-volatile storage media, and to return an 
acknowledgment to the primary storage subsystem 
responsively to writing the copied data to the second 
volatile cache memory and prior to transferring the data 

to Che second non-volatile storage media, 

wherein the primary storage subsystem is arranged to 
signal the host processor that the data have been stored 
in the data storage system responsively to the 
acknowledgment from the secondary storage subsystem. 

22. (Original) The system according to claim 21, wherein 
the primary and secondary storage subsystems are located 
at mutually-remote sites, and are coupled to communicate 
over a communication link between the sites. 
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•SfeS::- 23. (Original) The system according to claim 21, wherein 

the second volatile cache memory and the second non- 
volatile storage media are located in mutually-remote 
sites, and wherein the secondary storage subsystem is 
arranged to transfer the data from the second volatile 
cache memory to the second non-volatile storage media 
over a communication link between the sites. 

B$0tU. 24. (Original) The system according to claim 21, wherein 
W^M%i- the secondary storage subsystem is arranged to mirror the 

&$£<'i): data held by the primary storage subsystem. 
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25. (Original) The system according to claim 24, wherein 
the secondary storage subsystem is configurable , upon 

- occurrence of a failure in the primary storage subsystem, 

j***?:* .f. : :-". . 

!&S$$? V to serve as the primary storage subsystem so as to 

receive further data from the host processor to be stored 
by the data storage system. 

26. (Original) The system according to claim 21, wherein 
the second volatile cache memory is located in a site 
remote from the primary storage subsystem and is operated 
on a f ee-per-service basis by a service provider other 
than an owner of the primary storage subsystem. 

27. (Original) The system according to claim 21, wherein 
the secondary storage subsystem is arranged to send a 
message to the primary storage subsystem indicating 
addresses of the data that have been transferred to the 
second non-volatile storage media, and wherein the 

PS^ji primary storage subsystem is arranged to create a record 

of the addresses of the data copied to the secondary 
storage subsystem, and to update the record in response 




pl^fSr: ■ to the message. 



'Wirt 
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28. (Original) The system according to claim 21, wherein 
the primary storage subsystem is arranged, upon recovery 
Ip^ii; " of the system from a failure of the secondary storage 



subsystem, to convey, responslvely to the record, a 
" ' 10/673,744 7 
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portion of the data from the primary storage subsystem to 
be stored on the secondary storage subsystem. 

29. (Original) The system according to claim 28 , wherein 
the primary storage subsystem is arranged to remove from 
the record the addresses of the data that have been 
transferred to the second non-volatile storage media. 

30. (Original) The system according to claim 21, wherein 
the primary storage subsystem is arranged to create the 
record by marking respective bits in a bitmap 
corresponding to addresses of the data copied to the 
secondary storage subsystem, and to update the record by 
clearing the respective bits in response to the message. 

31. (Original) The system according to claim 27 , wherein 
the secondary storage subsystem is arranged to transfer 
the data over a range of the addresses from the second 
volatile cache memory to the second non-volatile storage 
media, and to indicate in the message that the data in 
the range have been transferred, so that the primary 
storage subsystem updates the record with respect to the 
range . 

32. (Original) The system according to claim 31, wherein 
the secondary storage subsystem is arranged to transfer 
the data by destaging the range of the addresses. 

33. (Original) The system according to claim 31, wherein 
the secondary storage subsystem is arranged to maintain a 
mirror of the record, and to select the data to be 
transferred from the second volatile cache memory to the 
second non-volatile storage media responsively to the 
mirror. 

34. (Original) The system according to claim 21, wherein 
the primary storage subsystem is arranged to send a 
message to the secondary storage subsystem indicating 
addresses of the data that have been transferred to the 
first non-volatile storage media, and wherein the 
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secondary storage subsystem is arranged to create a 
record of the addresses of the data copied to the 
secondary storage subsystem, and to update the record in 
response to the message. 

mm:^'.:'- '' 35- (Original) The system according to claim 34, wherein 

llte-l the secondary storage subsystem is arranged, upon 

W§sMHr recovery of . the system from a failure of the primary 

. storage subsystem, to convey, responsively to the record, 

a portion of the data from the secondary storage 
ISKlI:"' subsystem to be stored on the primary storage subsystem. 

m^-S' 36. (Original) The system according to claim 35, wherein 

§lf the secondary storage subsystem is arranged to remove 

from the record the addreosca o£ the data that Have boon 

transferred to the first non-volatile storage media. 

37. (Original) The system according to claim 34, wherein 
the secondary storage subsystem is arranged to create the 
record by marking respective bits in a bitmap 
corresponding to addresses of the data copied to the 
PIP^ secondary storage subsystem, and to update the record by 

clearing the respective bits in response to the message. 

S|f£yS 38. (Original) The system according to claim 34, wherein 

W^-X the primary storage subsystem is arranged to transfer the 

KlfcM data over a range of the addresses from the first 

volatile cache memory to the first non-volatile storage 
Bl^: media, and to indicate in the message that the data in 

it"* 4 .'... : ." .1 ■ • 1 

the range have been transferred, so that the secondary 
storage subsystem updates the record with respect to the 
Ess&Sv-? range . 

39. (Original) The system according to claim 38, wherein 
the primary storage subsystem is arranged to transfer the 



ISp^;- data by destaging the range of the addresses. 



40. (Original) The system according to claim 38, wherein 
the primary storage subsystem is arranged to maintain a 
W&M^:. ■ mirror of the record, and to select the data to be 
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transferred from the first volatile cache memory to the 
first non-volatile storage media responsively to the 
mirror . 

41. (Currently amended) A computer software product for 
; >S%^Sv^ use in a data storage system including primary and 
*&fa4* s .'-:?' secondary storage subsystems, which include respective 

first and second control units, respective first and 
second volatile cache memories/ and respective first and 
second non-volatile storage media, the product comprising 
a computer- readable medium in which program instructions 
are stored, which instructions, when read by the first 
and second control units, cause the first control unit to 

receive data from a hoot processor, to write the date to 

the first volatile cache memory, to copy the data to the 
secondary storage subsystem, and to transfer the data 
from the first volatile cache memory to the first non- 
|£^;v^ volatile storage media, and cause the second control unit 

to receive and write the copied data to the second 
volatile cache memory, to transfer the data from the 
0&";*^. f irot second volatile cache memory to the firsfc second 

non-volatile storage media, and prior to transferring the 
data to the second non-volatile storage media, to return 
an acknowledgment to the primary storage subsystem 
responsively to writing the copied data to the second 
fefft volatile cache memory, wherein the instructions further 

cause the first control unit to signal the host processor 
that the data have been stored in the data storage system 
responsively to the acknowledgment from the secondary 
storage subsystem. 

42. (Original) The product according to claim 41, 
ppS:;:; ; |v wherein the primary and secondary storage subsystems are 

located at mutually-remote sites, and wherein the 

i^"-; 1 '-. ... 

{i'S<r-?i. •: 

t' » , ; -: 
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mm* -r^. 
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43. (Original) The product according to claim 41, 
wherein the second volatile cache memory and the second 
non-volatile storage media are located in mutually-remote 
sites, and wherein the instructions cause the second 
j^SvA ; control unit to transfer the data from the second 



volatile cache memory to the second non-volatile storage 
media over a communication link between the sites. 

44. (Original) The product according to claim 41, 
§§||y^ wherein the instructions cause the first and second 

control units to mirror the data held by the primary 
storage subsystem on the secondary storage subsystem. 

45. (Original) The product according to claim 44, 
wherein the instructions cause the secondary storage 
subsystem, upon occurrence of a failure in the primary 

W$t& storaqe subsystem, to serve as the primary storage 

i|Syvf" : - subsystem so as to receive further data from the host 

'■'■X; '.. 

ISSS^r';;; processor to be stored by the data storage system. 

, 46. (Original) The product according to claim 44, 

W0'-V. . wherein the second volatile cache memory is located in a 

site remote from the primary storage subsystem and are 
Jl0£;£;. . operated by a service provider other than an owner of the 

\'$P^ ■ ]','- primary storage subsystem, and wherein the instructions 

pft^C cause the second control unit to transfer the data from 

the second volatile cache memory to the second non- 
Pll^;:./' volatile storage media on a f ee-per-service basis. 

Wj$< : 9-'-'' 47. (Original) The product according to claim 41, 

ftMBpvS wherein the instructions cause the second control unit to 

send a message to the primary storage subsystem 
indicating addresses of the data that have been 
J^T'A : transferred to the second non-volatile storage media, and 

E^\£ further cause the first control unit to create a record 

l&M'^f-- of the addresses of the data copied to the secondary 

storage subsystem, and to update the record in response 
flggiift?.;. : to the message. 
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48. (Original) The product according to claim 47, 
wherein the instructions cause the first control unit, 
upon recovery of the system from a failure of the 
secondary storage subsystem, to convey, responsively to 
the record, a portion of the data from the primary 
storage subsystem to be stored on the secondary storage 
subsystem. 

49. (Original) The product according to claim 48, 
wherein the instructions cause the first control unit to 
remove from the record the addresses of the data that 
have been transferred to the second non-volatile storage 
media . 

50. (Original) The product according to claim 47, 
wherein the instructions cause the first control unit to 
create the record by marking respective bits in a bitmap 
corresponding to addresses of the data copied to the 
secondary storage subsystem, and to update the record by 
clearing the respective bits in response to the message. 

51. (Original) The product according to claim 47, 
wherein the instructions cause the second control unit to 
transfer the data over a range of the addresses from the 
second volatile cache memory to the second non-volatile 
storage media, and to indicate in the message that the 
data in the range have been transferred, so that the 
first control unit updates the record with respect to the 
range . 

52. (Original) The product according to claim 51, 
wherein the instructions cause the second control unit to 
transfer the data by destaging the range of the 
addresses . 

53. (Original) The product according to claim 51, 
wherein the instructions cause the second control unit to 
maintain a mirror of the record, and to select the data 

to fcve tranoforrocl from th© second volatile cache memorv 

10/673,744 12 



AT 2/23/2006 9:45:05 AM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-6/42 * DNIS:2738300 * CS1D:9140454042 * DURATION (mm-ss): 12-18 



'ONDEMflNDIPLAW Fax : 9149454042 Feb 23 '06 9:57 P. 13 



l • 



IL920030033US1 

to the second non-volatile storage media responsively to 
the mirror. 

54. (Original) The product according to claim 41, 
wherein the instructions cause the first control unit to 
send a message to the secondary storage subsystem 
indicating addresses of the data that have been 
transferred to the first non-volatile storage media, and 
further cause the second control unit to create a record 
p^^yV of the addresses of the data copied to the secondary 

|p||fe;. storage subsystem, and to update the record in response 



m • 1 ■'"•«' ■ " '• - ■ 




to the message. 

||i5^:H 55. (Original) The product according to claim 54, 

wherein the instructions cause the second control unit, 
gteW-:. upon recovery of the system from a failure of the primary 

|^f*K storage subsystem, to convey, responsively to the record, 

a portion of the data from the secondary storage 
subsystem to be stored on the primary storage subsystem. 

WtS&> 56. (Original) The product according to claim 55, 

wherein the instructions cause the second control unit to 
remove from the record the addresses of the data that 
have been transferred to the first non-volatile storage 
tW$***:J. . media . 



V-J •'•' r T 



57. (Original) The product according to claim 54, 



mm- 

l*5--r - -T * - - 

fe^ : ^> wherein the instructions cause the second control unit to 

crQa to the record toy marking respective bits in a bitmap 
corresponding to addresses of the data copied to the 
secondary storage subsystem, and to update the record by 
clearing the respective bits in response to the message. 



58. (Original) The product according to claim 54, 
wherein the instructions cause the first control unit to 
ilSo! transfer the data over a range of the addresses from the 

first volatile cache memory to the first non-volatile 
W&M storage media, and to indicate in the message that the 

data in tho rang© have been transferred, so that the 
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secondary storage subsystem updates the record with 
respect to the range. 

59. (Original) The product according to claim 58, 
wherein the instructions cause the first control unit to 
transfer the data by destaging the range of the 
addresses . 

60. (Original) The product according to claim 58, 
wherein the instructions cause the first control unit to 
maintain a mirror of the record, and to select the data 
to be transferred from the first volatile cache memory to 
the first non-volatile storage media responsively to the 
mirror. 
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